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© Loudspeaking telephone with a variable gain circuit 



© A loudspeaking telephone with a variable gain circuit includes a receiving path having means for amplifying 
a received signal by a first amount of gain to provide a received speech signal, a transmitting path having means 
for amplifying a transmitted speech sjgnal by a second amount of gain to provide a transmitted signal, first 
-means* for comparing a "signal level in me^eftea^signaVpath with a signjLtevsM^ to 
provide a control signal to control the first and the second amounts of gain, and second means responsive to the 
control signal for switching between the first and the second amounts of gain to make one of the amounts of 
gain larger than the other amount of gain, wherein the total gain obtained from the first and the second amounts 
of gain during the . changeover period of the gains .is either equal to or smaller than the total gain during the 
stable period, excluding the changeover period. 
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LOUOSPEAKING TELEPHONE WITH A VARIABLE GAIN CIRCUIT * 



BACKGROUND OP THE INVENTION 



to 



ts 



20 



25 



The present invention relates to a loudspeaking telephone utilizing a microohone and a m,^.^ 

raving and fitting signal leveis. m order «o SfTSS^ 5oS£7i ?J££?£ T 
°' *? * *• «" «nu«m iW ng path,. called^* * 

In the prior art toudspeaWng telephone, however, the total gain is not tmSuKaTZlZ???* «. 
variations of the gate voltage versus conducting resistance charSens^ ofESJ *J£££? T 
gains in the receiving and transmitting paths. Namely, under "i^SSw Z^n^l " 
receiving and Emitting D4ths „ ^ „, J^Sff^*^* 
penod" during which the gains in the receiving and transmit^ paths *e S Jf? • ow 

^i^d"* toudspeaWn 9 telephone is described in the following papers: 
. (3> U.S. Patent No. 4 029.829 issued to Puhl et al. December 16. 1986. 



SUMMARY OF THE INVENTION 



of ^ti!f t 0f * 8 "T 6 "! inVe " ti0n is 10 provWe • '"^peaking telephone for suppressing the increase 
x 0t ^A^r ta U ^ 9 B m8 ^9^- P^^ain so as to prevem ^ singing^ ho^C ^ 
» According to me present invention, there ^-provided a toudsoeaJdno teleohon« with , !L aW „ „.,„ 

BRIEF DESCRIPTION OF THE ORAWINGS 

^rwSh! nVent ' 0n b9 dflSCrib9d in debi ' bel0W - » *e accompanying 

" * I. p« S e« S inve? fl or C ^ ^ *" °' me •"■»*« ' 

iSSSiSS """" 9mb0d,mem °' - *» tel «»™ 

» Rg. i 3 " * 9raPh ShOW ' n9 me 9at ° V0 ' te98 versus 9*" characteristics of the embodiment shown in 
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(DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In Rg. 1. the paths from terminal 1A to 18 and from terminal 2A to 2B are the receiving and- the 
transmitting paths, respectively. When this embodiment is applied to the mobile telephone, the terminals 1A 

5 and 18 are connected to a receiver (RX) and a loudspeaker, respectively, while the terminals 2A and 28 are 
connected to a microphone and a transmitter (TX). respectively. A receiving variable gain, amplifier circuit 3 
comprises an operational amplifier 7 acting as an inverting amplifier. The circuit 3 amplifies a receive signal 
from terminal 1A to produce an amplified signal and supply it to the terminal 18 as a receive speech signal. 
A serial connection of an FET 4 and a resistor R t is .connected in parallel with a feedback resistor R* of the 

to amplifier 7. A transmitting variable gain amplifier circuit 5 comprises an operational amplifier 8 acting as a 
non-inverting amplifier. The circuit 5 amplifies a transmit speech signal from 2A to produce an amplified 
signal and supply it to the terminal 28 as a transmit signal. A serial connection of an FET 6. and a resistor 
Rs is connected in parallel with an inverting input resistor R« of the amplifier 8. The connection point of the 
FET 8 and the resistor fl« is connected to the ground through a capacitor C. 

/5 The receive signal level is detected by a receiving level detector 9. while the transmit signal level is 
detected by a transmitting level detector 10. The detected results of detectors 9 and 10 are compared with 
each other by a comparator 1 1 . In response to the comparison result 1 the comparator 1 1 supplies the gates 
of the FETs 4 and 6 with a control voltage, by which both FETs 4 and 6 are switched off if the output level 
of the receiving level detector 9 is higher than the output level of the transmitting level detector 10 and 

20 otherwise they are switched on. 

When the FETs 4 and 6 are off. their resistance values are substantially infinite. In this case, the 
feedback resistor of the operational amplifier 7 is only Rt. resulting in that the gain of the amplifier 7 
becomes maximum. Also, since the inverting input resistor of the amplifier 8 is only R<. the gain of the 
amplifier 8 becomes minimum. 

25 On the other hand, when both FETs 4 and 6 are on. the feedback resistance of the amplifier 7 <s 
(ft +Ro«y<'r2. where" Ro« denotes the conducting resistance of the f-ETs 4 and 6. .7 denotes the parallel 
connection, and r„ (n = l to 6) denotes ihe resistance of the resister R«. Therefore, the gain of the amplifier 
7 becomes minimum. Also, since the value of the inverting input resistance of the amplifier 8 is (r$ ♦ R^y/r? . 
the gain of the amplifier 8 becomes maximum. In the following, it is assumed that the conducting resistance 

30 Ro« of the FETs 4 and 6 is substantially zero under their stable on-coridition. or stable period. 

When the FETs 4-and- 6- are in the^irrtermediate active state between on^nd off. that is._ the above-, 
mentioned changeover period, the gains of the amplifiers 3 and S vary with the conducting resistance - 
versus gate voltage characteristics of the FETs 4 and 6. 

In order to avoid the singing or howfing. it is preferable that the total gain defined by the product of the 
/ 33 gains of me receiving and transmitting variable gain amplifiers 3 arid 5 is always constant In the present 
embodiment under me stable period during which me on- and off-states of me FETs 4 and 6 are stable, me 
gate voltages of me FETs 4 and 6 are constant allowing me resistance values of me FETs 4 and 6 to be 
constant Therefore, me total gain can readily be maintained to be constant However, under me changeover 
period during which me gains ot.the amplifier circuits 3 and 5 are changing over, that is. me FETs 4 and 6 

40 are switching between on and off. me total gain may momentarily become larger than me total gain during 
me stable period, because me gate voltage versus resistance characteristics of^the FETs 4 and 6 may. 
' relatively be different This means that me howfing may occur during me changeover period. Therefore, it is 
necessary mat me total gain during me changeover period is set to be smaller than me total gain dunng me 
stable period. The manner of me setting will be described hereinafter.^ 

45 Now. it is assumed that bom FETs 4 and 6 have me same resistance value R« for me same gate 
voltage. Then, me gains. G«(R*) and GKR*) of me receiving and transmitting variable gain amplifier circuits 3 
and S are respectively given by. 



so 
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( V R K )r 2 
G_(R ) = L 2 * 



J R VX V " (1) 

and 



r 3 



70 



r 4 

G T< R x } = (r q +R )r g - + 1 ' (2) 



r 5+ r 6+ R x 

j 

, s It is further assumed that the changeover period of the gains of the variable gain amplifier circuits 3 and 5 
are mutually equal. Denoting the gains of the receiving and transmitting amplifier circuits 3 and S under the 
s^leon<ondition of the PET by Q„(0) and 0*0). respectively, and those under the stable off-condition of 
the FET by G„(«») and Gt<<») . respectively, the necessary condition to make the total gain constant is 
written as, 

G R (0) G t (-) 

G R (~) = G T (0) (3) 

25 

From equations (1). <2) and (3), the following relation can be obtained. 
r 4 r 6 _ r 2 r 5 

J^eJU? assumed that the. resistance, vaiue of the FET under on-state is zero, while that under off-state is - 
infinite. As a result the total gain uhSer stable period is given by, 

35 



G R (-)-G T (~) = G R (0).G_(0) ^2.. ^1^- (5) 

4Q 

On the other hand, the total gain under the changeover period is obtained from equations (1) and 
G R (R ).G T (R) « . 4 6 



(2). 



50 



J , . r 4 r 6 1 r l+R x 

1 ^x'^+V j r l +r 2 +R x 



in order to make the total gain constant irrespective of the changeover or stable period, the following 
relation should be held. 

Gr<R*)*Gt<FU) » <3 R («) • Gt<«) (7) 
» Thus, by substituting equations (5) and (6) into (7), one obtains. 
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8y substituting equation (4) into (8). the fallowing relation can be obtained, 
r, r„ 



1 + 



■2 '5 



g l (g S+V 



1 + 

I! 

which is rewritten to. 



r 2 = 1 (9) 



r l +R x 



r 2 r 5 r 2 
* r l lr 5 + V = r x +R x (10) 

From equation (10) one obtains. 

11 (11) 



30 which is rewritten to 






(12) 



Consequently a final result is. 
fi = r, (13) 



However, the relation (13) can be hew, only under the assumption that the resistance value p. «f ,n *. 

^^ZfSSZtt 7" tot3j •* ^ ■«• a™**™ Period ma; become SgTZ 
* me 513016 P« n «J* Therefore, it is necessary to set the total oain durfna the-chano**mr nanrii ^ h<* 
smalter man during the stable period. Namely, the following setting 9e ^ f ^ to be 

<3r(Rx) G^flJ < G R {-> Gt<-> * ng«requireo. 



from which one obtains by using equations (4), (5) 
n > r« (15) 



so 



S3 



total JJn In^ ^^t,. ^ I"" flai " durin « ^ hoover period drops below a value toss man the 
5? sTr^Z^nT Pefi0<1 - Th8 f8laaon < 15 > <hat the resistance of r, sarialty connected to me 
* na " e ' * an 9,6 «a«ance of r, serially connected to the FET 4. This can also be r* W WcLe ™ 
transm.tting vanaole gam amplifier circuit S is in inverting amplifier 

of th^rZTa a J,Hn° ,tefl , 0 jr^! ! 0ai " Chara « eristi « of the FET. A broken line 31 denotes the gain 
ZflfZT ' Wh "!i!' nflle ^ 0ttad breken 33 and a sofid One 33 denote the-gain of the ampfflSrs 

The second embodiment of the present invention will now be explained with referent* ta r„ o ,„ c:„ 

HE™-— --^^ 

.9 of a vanable^am ampler orcuit .7 in the transmitting path is an inverting «mp«fier The in^TeSr 
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Rt : of me amplifier 19 is serially connected to the parallel connection of an FET 18 and a resistor R t2 . 
The gains G«(RO and Gr<R«) of the amplifiers H and 1 7 are given by, 

r 8 R x 

r, + — x 



' 7 r 8 +R * 
r 9 



and 



respectively, where r« (n = 7 to 12) denotes the resistance of the Resister. When the FETs is and 18 are 
on. the equations (16) and (17) are reduced to. 



20 



G R (o> = 4r <«) 

25 and 



'9 



G (0) = -f±°- (19) 
r ll 



30 

respectively, while otherwise they are reduced to. 



r 7+ r 8 



G R (~) - 7 0 (20) 



and 



40 r 



r ir r i2 

45 respectively. 

Since the changeover periods of the gains of the variable gain amplifier circuit 14 and 17 are mutually 
equal and since the gains, of the circuit 14 and 17 under the stable period should be equal, the following 
relation must be held. 

G R («) G T (0) 

GR(0) " G T (~) (22 > 
55 From aquations (18) to (22). one obtains. 
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f 8 = r 12 (23) 
r 7 r ll 

5 

Thus, the total gain during the stable period is. 

r L_ . r 10 (24) 



G R (0).G T (0).=- ^ 



IS 



20 



The total gain during the changeover period is obtained from equations (16) and (17). 



r 7 r 10 



1 + 8 



r 7 



« 1 + 



r L2 . 
r Ll 



i* : (25) 




50 As is similar to the first embodiment the following relation should be held in order that the total gain during 
the changeover period is less than that during the stable period, 

QirfRJ Gt<RJ < Qr(0) Gt{0). (26) 
If the equations (24).and (25) are substituted into equation (26), one obtains 



1 + 



8 



r 7 r a 



1 + 



fVL 

r ll V r 12 



I" + 1 

I* < 1 (27) 



R + L 
R x 



which is reduced to the final result using the relation (23), 



Therefore, as is similar to the first embodiment if the resistance r t of the resistor Ri connected in 

parallel with the FST IS of the variable gain amplifier circuit 14 in the receiving path is chosen to be larger 
50 man the resistance r., of the resistor Ru connected in parallel with the FET 18 Of (he variable gain 

amplifier circuit 17 in the transmitting path, the total gain during the changeover period can be smaller man 

the total aain during the stable period. 

As is explained above, the present invention utilizes the FET as a variable resistor so as to continuously 

and smoothly switch the gains of receiving and transmitting paths of the loudspeaking telephone, ^aowsr. 
* by making the resistance of a resistor serially or parallelly connected to the FET in the rece.ving pam ttrger 

than the resistance of a resistor serially or parallelly connected to the FET in the transmitting path, the total 

gain during the changeover period is made smaller than that during the stable state, so that the singing or 

howling can hardly occur. 
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Claims 

1. A loudspeaking telephone with a variable gain circuit comprising: 
a receiving path including first amplifying means for amplifying a receiving signal by a first gain to 
5 provide a receiving speech signal: 

a transmitting path including second amplifying means for amplifying a transmitting speech signal by a 
second gain to provide a transmitting signal; 

first means for comparing a signal level on said receiving path with a signal level on said transmitting 
path to provide a control signal to control said first and said second gains: and 
io second means responsive to said control signal for switching between said first and second gains to 
make one of said gains larger than the other of said gains; 

wherein the total gain obtained from said first and second gains during the changeover period of said 
gains is either equal to or smaller than the total gain during the stable period excluding said changeover 
period. 

ts 2. A loudspeaking telephone as claimed in claim 1 , wherein said first means comprises: 

first and second level detector means for detecting the levels of said receiving and transmitting signal, 
respectively; and 

level comparator means for comparing the output levels of said first and second level detector means 
with each other to provide the comparison result as said control signal. 
20 3. A loudspeaking telephone as claimed in claim 2. wherein said level comparator means produces a 
first signal as said control signal when the output level of said first level detector means is larger than that 
of said second level detector means and produces a second signal as control signal when the output level 
of said second level detector means is larger than that of said first level detector means: and 

wherein said second means controls, in response to said first signals, said first and second gains so 
25 that said first gain becomes larger than said second gain, and controls, in response to said second signal, 
said first and second gains so that said second gain becomes larger than said first gain. 

4. A loudspeaking telephone claimed in claim 3. wherein said second means comprises means for 
maintaining said total gain during said stable period to be constant 

5. A loudspeaking telephone claimed in claim 3, wherein said second means comprises: 

oo first variable resistance means connected to a feedback resistor of said first amplifying means; 

. . - second variabie_resatance rr^eans connected to a feedback resistor of said, second amplifying /neans: . 

first resistance means connected to said first variable resistance means: and 

second resistance means connected to said second variable resistance means and having the 
resistance smaller than that of said first resistance means. 
55 6. A loudspeaking telephone claimed in claim 5. wherein said first and second resistance means are 
serially connected to said first and second variable resistance means, respectively. 

7. A loudspeaking telephone claimed in claim 5, wherein said first and second resistance means are 
connected tn parallel with said first and second variable resistance' means, respectively. 

8. A loudspeaking telephone as claimed in claim 5. wherein said first and second variable resistance 
40 means comprises first and second FETs, respectively, said first and second FETs becoming off when said 

first signal is applied to the gates thereof, and becoming on when said second signal is applied to the gates 
thereof. 
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